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(54) Tactile electromechanical data input mechanism 



(57) An electromechanical data input mechanism 
200, 700, 750 comprises a first structural entity 210, 
710, having a first surface 211 and a conductive cou- 
pling area 1 07 on said first surface, and a second struc- 
tural entity 220, 720 having a second surface 212 locat- 
ed adjacent to said first surface and separated there- 
from by a gap. It further comprises a dome-like member 
102 adjacent to said conductive coupling area, and ex- 
tending from the second surface, an actuator 105 adja- 



cent to the dome-like member. The mechanism is char- 
acterized in that within an pressing area elastic proper- 
ties of the second structural entity are substantially uni- 
form and said first and second structural entities are kept 
apart from each other solely through the dome-like 
members, and said first and second structural entities 
are arranged to move with respect to each other so that 
under the influence of a force pressing them towards 
each other, the actuator moves towards the dome-like 
member. 
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Description 

[0001] The invention relates in general to data input 
mechanism related to an electrical device. In particular 
the invention relates to an input mechanism especially 
suitable for small portable communication devices. 
[0002] A push button or a press key consists of a cer- 
tain mechanical structure and of an accompanying elec- 
trical circuitry. When a user presses a push button or a 
key of an electrical device, the pressing of a button is 
converted to an electrical input signal for the device. 
Typically the mechanical part of a push button requires 
more space than the accompanying electrical circuitry. 
[0003] A typical user interface of a portable electrical 
device comprises at least few push buttons or keys. In 
a mobile phone, for example, there typically is a display, 
push buttons for the digits and some push buttons for 
choosing proper action. As portable electrical devices 
become smaller and smaller, there is less space for the 
push buttons. Consider, for example, a communication 
device that has the shape of a watch, a pen or a pendant. 
[0004] One solution is to reduce the size of push but- 
tons, but this may result in devices that are difficult to 
use. Calculator watch having very small push buttons is 
one example of a device, whose usability is not very 
good. Another straightforward solution is to reduce the 
number of the push buttons. The problem here is that 
although the size of portable communication devices 
becomes smaller, the functionality such devices is usu- 
ally similar as that of devices having larger size. There- 
fore it usually is not feasible to reduce the number of 
push buttons. Further reasons for reducing the number 
of push buttons are, for example, the aim to design 
classy devices and the aim to obtain a simple and robust 
structure. 

[0005] A prior art push button or keyboard, where the 
pressing of a button is converted into an electrical signal, 
works usually in the following way. When a button is 
pressed down, an electrical contact is formed between 
two conductor strips, and when a button is in the rest 
position, there is no electrical contact between the con- 
ductor strips. Typically the mechanical structure of a 
push button is such that it automatically returns to the 
rest position (up position), when a user stops pressing 
the button. 

[0006] Figure 1 shows a cross section of a typical 
push button structure according to prior art. A button 1 04 
typically has an upper part having a smaller diameter 
and a base, which has a larger diameter and is hollow. 
The button refers here to the plain button 1 04, and term 
push button refers to the whole mechanical construction 
including the button 104. The surface of a button 104, 
which faces the circuit board 101, is typically a circular 
rim. In the bottom of a button 1 04 there is a hole, which 
allows the housing of a dome 102. When the button is 
in the up position, there is room for the dome 1 02 to be 
in its normal position. The button 104 has an actuator 
1 05, which presses the dome 1 02 down when the button 



104 is pressed down. The dome 102 acts as a spring, 
and as a user stops pressing the button 104 down, the 
dome returns to its normal position and simultaneously 
pushes the button back to the up position. The actuator 
5 105 is necessary, because if the whole surface of the 
button 1 04 would be pressed against the dome 1 02, the 
spring effect of the dome 1 02 might be lost and the force 
needed to press the lower surface of the dome in contact 
with the circuit board 1 01 would be larger than when an 
actuator 1 05 is used. Typically the upper part of the but- 
ton 104 is rigid, and the movement of the button 104 in 
the vertical direction is due to the thin rim connecting 
the upper part and the base of the button 1 04. The ma- 
terial of the button 1 04 has to be elastic enough for al- 
lowing the rim to flex. A button 104 can be made, for 
example, of rubber. 

[0007] The circuit board 1 01 comprises the necessary 
circuitry for detecting the pressing of a button 104. A 
conductive area in the lower surface of the dome 1 02 is 
pressed against, for example, two conductor strips 1 07, 
and an electrical contact between the conductor strips 
indicates the pressing of a button. If the whole dome is 
made of conductive material, there may be a separate 
isolating layer 103 to isolate the rim of the dome from 
the conductive strips. Another way to isolate the rim of 
the dome from the circuitry is to use multilayer circuit 
board. A further option is to make the dome of an iso- 
lating material and to deposit aconducting layer in a suit- 
able area of the concave surface of the dome 1 02. 
[0008] Figure 1 shows also a cover 106, which has 
holes for the buttons. Typically the profile of a cover is 
not uniform to minimize the material needed for the cov- 
er and the mass of the cover. The height of a button 1 04 
is usually few millimeters. The buttons of a keyboard are 
typically connected to each other at their base parts and 
they form a key mat. Typically it is quite difficult to obtain 
a waterproof push key mechanism, because it is difficult 
to fix a cover, which may have a non-uniform profile, and 
a key or a key mat to each other tightly. 
[0009] In a mobile communication device there is typ- 
ically a keyboard for inputting digits, some separate 
push buttons and a display in the front surface of the 
device. The smaller the device, the smaller usually the 
front surface and the less space for the display and the 
various push buttons. It typically is necessary to reserve 
enough room, for example, for the display. If the push 
buttons are made too small, it is difficult to press a cor- 
rect button. Therefore reducing the size of the buttons 
is not a good solution. Furthermore, having many small 
buttons in a small device usually does not give the im- 
pression of a classy, well-designed device. The me- 
chanical structure of small push buttons may also cause 
some problems. These problems arise also if small push 
buttons are placed in the side surface of a device. An- 
other solution is to reduce the number of the push but- 
tons, but unfortunately the functionality of communica- 
tion devices is typically so versatile that to use conven- 
iently a communication device, the device typically has 
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to have at least few push buttons. 
[0010] For design purposes and for achieving water- 
proof device, it may be advisable to eliminate the need 
for push buttons. One way to do this is to use a touch 
sensitive display. The advantages of a touch sensitive 
screen include at least the freedom to design a device 
without push buttons and to use the same area both as 
a display and as an input means. The disadvantages of 
such a display are that it is relatively expensive and that 
is lacks the tactile feel of a push button. The user cannot 
feel when he is pressing a key, or actually pointing a 
certain position on the display. The sense of pressing a 
button typically makes the use of a device more com- 
fortable. 

[0011] Patent application WO 98/29886 presents a 
way to integrate push button functionality and a display. 
A first plate of the display structure is arranged, using 
hinges, to tilt when the display is pressed. The first plate 
has conductive actuators extending from one surface 
and there are corresponding conductive coupling areas 
on the surface of a second plate. The display can be 
mounted so that the first plate can be tilted around an 
axis. This way it is possible to place two conductive ac- 
tuators to the first plate. If the first plate is supported in 
one point in the middle of the plate, more conductive 
actuators, for example four, can be placed to the first 
plate. A contact between a conductive actuator and a 
conductive coupling area is made by tilting the first plate. 
The construction of the virtual touch screen presented 
in WO 98/29886 is complex and requires many separate 
parts. It is therefore most probably quite a difficult and 
expensive solution. Furthermore, it is not easy to make 
a waterproof device using this virtual touch screen. 
[0012] An object of the invention is to present a data 
input mechanism, which acts as a set of push buttons 
or as a keyboard and also as another part of an electrical 
device. A further object of the invention is a data input 
mechanism, which preserves the tactile feel related to 
push buttons. A further object of the invention is a data 
input mechanism, which acts as a display and a set of 
push buttons. Preferably the data input mechanism is 
waterproof and simple to construct. 
[0013] Objects of the invention are achieved by cov- 
ering the domes relating to an electromechanical data 
input mechanism with asingle movable part, which com- 
prises actuators and is kept apart from a second part, 
which comprises conductive coupling areas related to 
domes, through the domes. 

[0014] An electromechanical data input mechanism 
according to the invention comprises 



a conductive coupling area on said first surface, 
between said first and second surfaces and adja- 
cent to said conductive coupling area a dome-like 
member having a conductive surface adjacent to 
5 the conductive coupling area, and 

extending from the second surface, an actuator lo- 
cated adjacent to each dome-like member, 

and provides a pressing area, for exerting a force press- 
10 ing the first and second structural entities towards each 
other, substantially within which pressing area the 
dome-like member is located, and the mechanism is 
characterized in that 

15 - within the pressing area, elastic properties of the 
second structural entity are substantially uniform, 
said first and second structural entities are within 
the pressing area kept apart from each other solely 
through the dome-like members, and 
20 - under the influence of a pressing force exerted on 
an area within the pressing area and pressing the 
first and second structural entities towards each 
other, said first and second structural entities are 
arranged to move, with respect to each other, so 
25 that the actuator moves towards the dome-like 
member. 

[0015] The invention relates also to an electronic de- 
vice comprising an electromechanical data input mech- 
30 anism, which electromechanical data input mechanism 
comprises 

a first structural entity, 

a second structural entity arranged to move with re- 
35 spect to said first structural entity, 

as a part of said first structural entity, a first surface, 
as a part of said second structural entity, a second 
surface located adjacent to said first surface and 
separated therefrom by a gap, 
40 - a conductive coupling area on said first surface, 

between said first and second surfaces and adja- 
cent to said conductive coupling area a dome-like 
member having a conductive surface adjacent to 
the conductive coupling area, and 
45 - extending from the second surface, an actuator lo- 
cated adjacent to the dome-like member, 

and which mechanism provides a pressing area for ex- 
erting a force pressing the first and second structural 
50 entities towards each other, substantially within which 
pressing area the dome-like member is located, and the 
electronic device being characterized in that 

within the pressing area, elastic properties of the 
second structural entity are substantially uniform, 
said first and second structural entities are within 
the pressing area kept apart from each other solely 
through the dome-like members, and 



a first structural entity, 

a second structural entity arranged to move with re- 
spect to said first structural entity, 
as a part of said first structural entity, a first surface, 55 
as a part of said second structural entity, a second 
surface located adjacent to said first surface and 
separated therefrom by a gap, 
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under the influence of a pressing force exerted on 
an area within the pressing area and pressing the 
first and second structural entities towards each 
other, said first and second structural entities are 
arranged to move, with respect to each other, so 
that the actuator moves towards the dome-like 
member. 

[0016] An electromechanical data input mechanism 
according to the invention comprises two structural en- 
tities, which are typically substantially plate-like at least 
at the pressing area, and the actuators relating to the 
input mechanism are part of the second structural entity. 
It further comprises at least one dome-like member be- 
tween a first surface, which is a part of the first structural 
entity, and a second surface, which is a part of the sec- 
ond structural entity. At least one actuator extends from 
the second surface, and there is at least one connective 
coupling area on the first surface. There is a gap be- 
tween the first and second surfaces and the dome-like 
member is adjacent both to a respective actuator and to 
a respective conductive coupling area. Each dome-like 
member has a conductive are facing the respective con- 
ductive coupling area. 

[001 7] When a force, which presses the first and sec- 
ond structural entities towards each other is exerted, the 
first and second structural entities are arranged to move 
with respect to each other. The first and second struc- 
tural entities are kept apart from each other by the dome- 
like members within the pressing area. Outside the 
pressing area it is possible that the first and second 
structural entities are mechanically coupled to each oth- 
er. Despite a possible mechanical coupling outside the 
pressing area, the dome-like members dictate at lower 
limit for the distance between the first and the second 
structural entities at the location of the domes, and as 
the dome-like members change their shape, the dis- 
tance between the first and second structural entity 
changes. At the location, where a dome is, the distance 
between the first and second structural entity can be 
larger than the height of adome, but it cannot be smaller. 
With respect to an inertial coordinate system, either the 
first structural entity, the second structural entity or both 
the entities can move. In a electromechanical data input 
mechanism according to the invention, the first and sec- 
ond structural entities are arranged to move with respect 
to each other, under the influence of a pressing force 
exerted on a certain area within the pressing area, typ- 
ically near an actuator, so that the actuator moves to- 
wards a respective dome-like member. The elastic prop- 
erties of the second structural entity are substantially 
uniform within the pressing area. The elastic properties 
of the second structural entity are different at the loca- 
tions of the actuators than in the area surrounding the 
actuators, but as the area of an actuator, which is typi- 
cally only about a square millimeter, is very small com- 
pared to a typical pressing area of several square cen- 
timeters, the elastic properties in these point-like areas 



are insignificant when the whole second structural entity 
is considered. For example, if the second structural en- 
tity is a plate having a uniform thickness and having the 
actuators as extension on one of its surfaces, the elastic 

5 properties of the second structural entity are in this case 
dominated by the elastic properties of the plate and they 
are, consequently, substantially uniform. Especially, 
each actuator is not surrounded by a zone, which allows 
the actuator to move independently of the rest of the 

10 second structural entity. In an electromechanical data 
input mechanism according to the invention, a quite 
large portion of the second structural entity moves sim- 
ilarly as the actuator, and typically the movement of an 
actuator may cause also neighboring actuators to move 

15 slightly. 

[0018] The first structural entity and the second struc- 
tural entity can be substantially rigid entities, in which 
case the structural entities, under the influence of aforce 
pressing them towards each other, typically tilt with re- 
20 spect to each other. It is also possible that the elastic 
properties of at least one of the first and second struc- 
tural entities are arranged to be such, that an actuator 
together with a larger portion of the second structural 
entity moves towards the dome-like member because 
25 the first structural entity and/or the second structural en- 
tity bends. 

[0019] Typically when the conductive area of a dome- 
like member touches the conductive coupling area, an 
electrical signal is generated, and this electrical signal 
30 is treated as an input signal. Typically there is a related 
electrical circuitry, which generates the electrical sig- 
nals. In an electromechanical data input mechanism ac- 
cording to the invention, the first and second structural 
entities are typically arranged to move so much that the 
35 actuator presses the conductive area of the dome-like 
member against the conductive coupling area, which is 
on the surface of the first structural entity. 
[0020] The number of dome-like members in an elec- 
tromechanical data input mechanism according to the 
40 invention is at least one. Typically a few, for example 
four, dome-like members can be used, but it is also pos- 
sible to have several dome-like members between the 
first and the second structural entities. Especially if the 
pressing area, within which the dome-like members typ- 
45 ically are, is large and the functionality of an electrome- 
chanical data input mechanism according to the inven- 
tion is based on one of the first and second structural 
entities to bend locally, the data input mechanism can 
comprise a large number of dome-like members. 
50 [0021] The structure of an electromechanical data in- 
put mechanism according to the invention is simple and 
robust. The actuators are part of the second structural 
entity. They can be either made of the same material, 
for example during casting (e.g. injection molding or 
55 sheet metal forming) or they can be made of different 
material and be fixed to the second member, for exam- 
ple, using suitable adhesives. The assembly of a data 
input mechanism according to the invention is simple, 
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because the number of parts is quite small. Separate 
buttons or key maps are not needed, and as a key mat, 
for example, is quite heavy compared to other parts of 
a small portable device, the weight of a portable device 
can also be reduced. The reduced amount of required 
material and the easy assembly also reduce costs. It is 
possible to make an electromechanical data input 
mechanism according to the invention waterproof quite 
easily, for example, by filling the gap between the first 
and second structural entities with suitable elastic ma- 
terial, which allows the first and second structural enti- 
ties to move with respect to each other so that a con- 
ductive area of a dome-like member can be pressed 
against a conductive coupling area. 
[0022] As a user presses the first and second struc- 
tural entities towards each other, he can feel how the 
spring-like effect related to the dome-like member. The 
dome-like member resists slightly the pressing and, af- 
ter its conductive area has been in contact with the con- 
ductive coupling area, it tries to retain its original shape, 
similarly as in conventional push button structures. Con- 
sequently, the user has a good tactile feel. This is one 
of the advantages of the invention. 
[0023] A further advantage of the invention is that a 
certain area of the surface of an electronic device can 
be employed as an electromechanical data input mech- 
anism in addition to another function. For example, in 
an area, where there is a display, an electromechanical 
data input mechanism according to the invention can be 
placed. It is also possible that a substantially thin cover 
of a device or a window of a device acts as the first or 
second structural entity of an electromechanical data in- 
put mechanism according to the invention. This way al- 
so the weight and size of a device can be reduced with- 
out cutting functionality of the device or reducing the us- 
ability of the device. Furthermore, an industrial designer 
has a more freedom to design a device, when an elec- 
tromechanical data input mechanism according to the 
invention is used, because a need for separate push 
buttons can be eliminated using the invention. 
[0024] The invention is described below in more detail 
with reference to preferred embodiments and to the ac- 
companying drawings where 

Figure 1 presents the structure of a prior-art push 
button, 

Figure 2 presents schematically the structure of an 
electromechanical data input mechanism 
according to a first preferred embodiment of 
the invention, 

Figure 3 presents schematically an electromechani- 
cal data input mechanism according to a 
second preferred embodiment of the inven- 
tion, 

Figure 4 presents a top view of an electromechanical 



data input mechanism according to the in- 
vention, 

Figure 5 presents schematically an example of an 
5 electrical circuitry, which can be added to an 

electromechanical data input mechanism 
according to the invention, 

Figure 6 presents two portable communication de- 
10 vices according to the invention, 

Figure 7 presents schematically cross-sections of 
electromechanical data input mechanisms 
according to a third preferred embodiment 
15 of the invention, 

Figure 8 presents a communication device accord- 
ing to the invention, and 

20 Figure 9 presents a further communication device 
according to the invention. 

[0025] In the drawings same reference numerals are 
used to refer to same parts. Figure 1 is discussed in con- 

25 nection with the description of prior art push buttons. 
[0026] Figure 2 illustrates schematically the structure 
of an electromechanical data input mechanism 200 ac- 
cording to a first preferred embodiment of the invention. 
Figure 2a illustrates a cross section of the data input 

30 mechanism 200, when there are no external forces 
pressing the first structural entity 210 and the second 
structural entity 220 towards each other. Figure 2a 
presents the mechanism 200, for example, when a user 
is not pressing the data input mechanism. On top of the 

35 first surface 211 of a first structural entity 21 0 there are 
domes 102a, 102b. The domes can be, for example, a 
part of a dome sheet.. The first structural entity 21 0 com- 
prises conductive coupling areas, which are needed to 
convert the pressing of domes into electrical signals. 

40 This conversion is discussed in more detail in connec- 
tion with the description of the prior art solutions. Figure 
2a presents conductive coupling areas 1 07, but they are 
not presented in the other figures accompanying this de- 
scription. In Figure 2a the domes are in a position, where 

45 their conductive area is not in contact with the conduc- 
tive coupling areas. The actuators 105a, 105b are part 
of a second structural entity 220, which covers the 
domes. 

[0027] When the first and second structural entities 
50 are pressed towards each other, for example the second 
structural entity is pressed towards the first structural 
entity as arrow 230 indicates, the first and second struc- 
tural entities are arranged to move with respect to each 
other. If, for example, the position of the first structural 
55 entity is fixed relative to the chassis of an electrical de- 
vice, the elastic properties of the second structural entity 
can be such it bends (Figure 2b) or the second structural 
entity can be rigid and it tilts (Figure 2c) in the presence 
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of an external force pressing the first and second struc- 
tural entities towards each other. It is also possible that 
the second structural entity experiences both bending 
and tilting. It is also possible that the second structural 
entity is fixed relative to the chassis, and the first mem- 
ber bends and/or tilts. When the distance between the 
first and second structural entities substantially de- 
creases because of the pressing, typically at least one 
of the domes is pressed against a conductive coupling 
area. In Figures 2b and 2c the conductive area of the 
dome 1 02b is in contact with the corresponding conduc- 
tive coupling area, and the dome 102a is still in a posi- 
tion, where its conductive area is not in contact with a 
conductive coupling area. 

[0028] The distance, which an actuator moves to- 
wards a dome, needed to make a conductive area of a 
dome to touch a conductive coupling area, depends on 
the size, shape and material of the dome, but it is typi- 
cally less than a millimeter for domes used in small port- 
able devices. For example, it may be sufficient that an 
actuator moves only about 0.2 mm towards the dome. 
The structure of the data input mechanism according to 
the invention, its operation principle (bending and/or tilt- 
ing), and the elastic properties of the first and/or second 
structural entity can then be designed so that the posi- 
tion of the actuator changes enough under the influence 
of a typical pressing force. 

[0029] In Figures 2b and 2c the portion of the second 
structural entity, which moves towards the dome 102b 
together with the actuator 105b, is marked with the 
dashed line 222. When the second structural entity 
bends under the influence of a pressing force, as Figure 
2b presents, the portion of the second structural entity 
bending has a considerably larger area than the area of 
an actuator. For example, the area of an actuator relat- 
ing to a dome, which has a diameter of about 3 - 5 mm 
and bends about 0.2 - 0.5 mm, is typically about 1 - 2 
mm 2 . Consider, for example, that a user pressing the 
second structural entity with his finger. In this case the 
area, upon which a pressing force is exerted, is about 
one square centimeter. Depending on the elastic prop- 
erties of the second structural entity, a portion 222 hav- 
ing the area of a few square centimeters may move to- 
wards the dome. It is possible that the portion includes 
also other actuators than the actuator 105b, but when 
the pressing force is exerted on an area near the actu- 
ator 105 b the other actuators are typically not moved 
towards their corresponding domes so much that the 
conductive areas of the corresponding domes touch the 
corresponding coupling areas. If the first structural entity 
is arranged to bend, in an inertial coordinate system a 
portion of the first structural entity moves, but if a relative 
motion is considered, again a certain portion of the sec- 
ond structural entity together with an actuator is moving 
towards a dome. If the first or second structural entity is 
substantially rigid and arranged to move as a whole en- 
tity, as Figure 2c presents, the portion 222 of the second 
structural entity moving towards a dome is typically larg- 



er than if one of the first and second structural entity is 
bending. 

[0030] Figure 3 presents schematically a data input 
mechanism 300 according to a second preferred em- 

5 bodiment of the invention. In this second preferred em- 
bodiment of the invention, a printed circuit board 304 
acts as the first structural entity. The domes 1 02a; 1 02b 
are located adjacent to the printed circuit board 304. A 
plate 301, which has actuators 105a; 105b extending 

10 from the surface facing the printed circuit board, acts as 
the second structural entity 220. A cover 106 having a 
suitable opening for the plate 301 is also presented in 
Figure 3. The cover 106 can be used to press the plate 

301 slightly against the domes 1 02a, 1 02b. The opening 
15 allows the edges of the plate 301 to be bent towards the 

printed circuit board or the plate 301 to tilt slightly. 
[0031 ] The plate 301 may be, for example, a transpar- 
ent window or a decorative plate having a different color 
or material than the cover 1 06. If the plate 301 is a trans- 
20 parent window, it is advantageous to put a display ele- 
ment 303 between the printed circuit board 204 and the 
transparent window 301 . The display element may be, 
for example, a liquid crystal display (LCD). A light guide 

302 may be needed in addition to the display element 
25 303 to obtain display illumination. The light guide leads 

light emitted, for example, from LEDs to the display el- 
ement. The display illumination can be either backlight- 
ing, in which case the display element is between the 
light guide and the window, or a frontlighting, where the 

30 light guide is between the display element and the win- 
dow. Typically there is a small gap between the lower 
surface of the window plate 301 and the possible ele- 
ments placed between the printed circuit board and the 
window plate 301 to allow the window plate 301 and the 

35 printed circuit board 304 to move with respect to each 
other. During the influence of a pressing force the win- 
dow plate 301 bends or tilts typically so little that the 
image quality remains the same as when the window 
plate 301 is aligned with the display element 303. 

40 [0032] Figure 4 presents a top view of a data input 
mechanism according to the invention. The plate-like 
second structural entity 220 has, as an example, a rec- 
tangular shape in Figure 4 and, as an example, there 
are four domes between the first and the second struc- 

45 tural entities. In Figure 4a the domes 1 02a; 1 02b; 1 02c; 
102d are placed in the corners of a plate-like second 
structural entity 220, and in Figure 4b they are place in 
the middle of the sides of the plate-like second structural 
entity 220. If the first structural entity is assumed to be 

50 rigid, depending on the elastic properties of the plate 
220 and on the elastic properties of the domes, the area, 
where the plate 220 can be pressed to result a dome to 
touch a corresponding conductive coupling area, may 
differ. In Figures 4a and 4b examples of such areas 

55 401a; 401b; 401c; 401 d are illustrated for each dome 
102a; 102b; 102c; 102d. For example, to press a con- 
ductive part of the dome 1 02a against a conductive cou- 
pling area on a printed circuit board, the plate 220 is 
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pressed near the top left corner of the plate in Figure 4a, 
at the area 401 a. 

[0033] Especially if the plate-like second structural 
entity 220 is arranged to tilt when it is pressed towards 
the first structural entity, it is possible to press the plate- 
like second structural entity 220 towards the first struc- 
tural entity in a position between two domes (for exam- 
ple in area 402a in Figure 4b) and obtain the conductive 
areas of two domes (domes 102a and 102b) to touch 
the corresponding conductive coupling areas. The elec- 
trical signals related to two domes, which signals are 
generated at the same time, can be interpreted as a new 
input signal, and it is possible to simulate the operation 
of, for example, eight domes (push keys) using only four 
domes. Figure 4b shows an example of the areas 402a; 
402b, 402c, 402d where the pressing of the plate-like 
second structural entity 220 results in the pressing of 
two domes against the printed circuit board. Typically 
two domes do not touch the conductive coupling areas 
exactly at the same time, but it is possible to add to the 
electronic circuitry related to the electromechanical data 
input mechanism some logic relating to this or do the 
same within software in a keyboard interface block. For 
example, if a second signal, related to a second dome, 
becomes active within a certain time period after a first 
signal, related to a first dome, has become active, and 
the signals stay active at least for a certain predefined 
time period, this can be interpreted as an input signal 
corresponding to the two domes. 
[0034] Furthermore, especially when the plate-like 
second structural entity 220 is arranged to tilt, it is pos- 
sible to press the plate-like second structural entity in 
the middle of the plate and obtain all domes below the 
plate-like second structural entity 202 to touch the con- 
ductive coupling areas. This can be interpreted again as 
a new input signal, in addition to those input signals cor- 
responding to the separate domes and in addition to the 
possible input signals corresponding to the dome pairs. 
In Figure 4b the area, pressing upon which the conduc- 
tive areas of four domes 1 02a; 1 02b; 1 02c; 1 02d touch 
the corresponding conductive coupling areas, is marked 
with dashed line 403. Again, typically not all four signals 
related to the domes are activated at the same time, so 
similar logic as described above for two domes can be 
applied to four domes. 

[0035] Similar operation can be achieved with a bend- 
ing plate, which acts as the second structural entity 220, 
when the plate is pressed in a large area compared to 
the diameter of a dome. The areaof adisplay of amobile 
station, for example, is typically a few square centime- 
ters. If the display area acts simultaneously as an elec- 
tromechanical data input mechanism according to the 
invention, a user typically presses the display with his 
thumb. The display window, which acts as a second 
structural entity of an electromechanical data input 
mechanism according to the invention, is therefore 
pressed at an area covering typically one square cen- 
timeter. The diameter of a dome is typically 3 - 5 mm 



and two domes may be about two centimeter apart from 
each other. A thumb pressing the display window may 
thus easily bend the window so that two domes are 
pressed towards the surface of, for example, a printed 
5 circuit board, if the elastic properties of the display win- 
dow are suitably selected. 

[0036] One example of a signal that can be related to 
all domes of a data input mechanism according to the 
invention is awake up signal. An electrical device may 

10 turn its power off, for example, if a user does not use the 
device for a certain time. In the power off state, it is pos- 
sible to interpret a situation, where the signals related 
to all the domes of the input mechanism are active at 
the same time, as a wake up signal which causes the 

15 electric device to turn the power on. This way an input 
data mechanism according to the invention, together 
with automatic power off functionality, can replace a 
conventional power on/off push button. 
[0037] Furthermore, since the automatic power off 

20 functionality may eliminate the need for a separate key 
using which it is possible to turn the power off from a 
device, a separate power off signal is not necessary 
needed either. Therefore it is possible that when the de- 
vice is in the power on state, a second input signal - 

25 other than the wake up signal - is related to all domes 
being simultaneously pressed against the conductive 
coupling areas. Figure 5 presents schematically an 
electrical circuit 500 related to the wake up signal. A con- 
trol unit 501 is powered by an idle state power supply 

30 502 during the idle state. The switches 503a; 503b; 
503c; 503d present the domes. A switch 503a; 503b; 
503c; 503d is closed when the conductive area of a 
dome touches the corresponding conductive coupling 
area. The signal related to each dome is active, when 

35 the switch is closed. If all the switches are closed simul- 
taneously (taking into account a possible delay and the 
duration of the switches being closed) and if the device 
is in the power off mode, a wake up signal 504 is sent 
forward. If the device is in the power on mode, the con- 

40 trol circuit 501 indicates the status of the switches using 
the outputs 505a; 505b; 505c; 505d. This means that is 
does not sent the wake up signal in the power on mode, 
even if all switches 503a; 503b; 503c; 503d are closed 
at the same time. These outputs 505a; 505b; 505c; 505d 

45 are typically connected to a keyboard interface. An elec- 
trical circuit 500 can be easily constructed, for example, 
as a small hardware block. Alternatively, the switches 
can be connected serially after each other to perform 
the same function. In this case the control circuit re- 

50 ceives a wake-up signal when all switches are simulta- 
neously closed. 

[0038] The number of domes presented in Figure 4 is 
just an example. An electromechanical data input mech- 
anism according to the invention may comprise any 
55 number of domes. Typically the number of domes and 
their location depends on the area of the electrome- 
chanical data input mechanism and on the operation 
principle of the electromechanical data input mecha- 
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nism. If the operation is based on tilting a rigid plate, it 
usually is not possible to place many domes between 
the first and second structural entity of the data input 
mechanism. Bending a plate locally, on the other hand, 
enables the controlling of the position of many domes. 
[0039] It is possible to construct an electromechanical 
data input mechanism according to the invention that 
contains only one dome-like member. Such a mecha- 
nism can replace a single push button. The second 
structural entity may, for example, be arranged to move 
in a direction perpendicular to the first and second sur- 
face. For example, a chassis of a device may have an 
opening, which controls the movement of a relative thick 
plate having one actuator extending from its surface. In 
this case, the second structural element is typically rigid. 
As a second example, a thin cover of a device, where- 
from an actuator extends towards a dome, may act as 
the second structural element. The thin cover bends as 
it is pressed, and causes the actuator to move towards 
the dome. 

[0040] Figure 6 presents examples of an electrical de- 
vice according to the invention. A mobile station 600 
comprises conventional push buttons 104 for inputting 
digits. In the display area 301 of the mobile station 600 
there is an electromechanical data input mechanism ac- 
cording 300 to the second preferred embodiment of the 
invention. The domes 102 are located in the middle of 
the sides of the window 301 . The electromechanical da- 
ta input mechanism 300 of the mobile station 600 can 
thus conveniently be used as arrow keys. It is also pos- 
sible that more input signals are generated using the 
four domes, as discussed above. In the mobile station 
61 0 also the digit push buttons are replaced with a sec- 
ond electromechanical data input mechanism 620 ac- 
cording to the invention. In the second electromechan- 
ical data input mechanism 620 the cover 1 06 of the mo- 
bile station acts as the second structural entity of the 
electromechanical data input mechanism. It is also pos- 
sible that an electric data input mechanism according to 
the invention is placed, for example, in a sliding cover 
or some other part of a mobile station. The area, where 
the microphone or the earpiece is, is another example 
of a part of a communication device where an electro- 
mechanical data input mechanism according to the in- 
vention can be integrated. 

[0041] In addition to mobile phones, an electrome- 
chanical data input mechanism according to the inven- 
tion can be applied, for example, in lap top computers, 
in personal organizers (palm top devices) or, basically, 
in any electrical devices where there is need for push 
buttons or a key board. In lap top computers and per- 
sonal organizers it is especially advantageous to use a 
data input mechanism according to the invention, where 
a display component is placed below a window and the 
window acts as a second structural entity of the data 
input mechanism, as presented in Figure 3. 
[0042] Figure 7 illustrates schematically electronic 
data input mechanisms 700; 750; 760 according to a 



third preferred embodiment of the invention. In the data 
input mechanism 700 presented in Figure 7a, the chas- 
sis 1 06 of a device acts as a first structural entity 21 0 of 
the mechanism 700. The second slab-like structural en- 
5 tity 220 comprises various integrated parts: for example, 
on top there is a window 303, below which there is a 
light guide 302, a display element 301 and an engine 
module 701. The engine module is responsible for the 
operation of the device. In the bottom of the slab-like 
10 structural entity 220 there are the actuators 1 05. Domes 
102 are between the actuators and the first structural 
entity 201 (chassis of the device). The conductive cou- 
pling areas are on the surface of the chassis in the data 
input mechanism 700. The data input mechanism 750 
15 in Figure 7b is quite similar to the data input mechanism 
700, but here the chassis 106 of the device acts as a 
second structural entity 720 of the electromechanical 
data input mechanism 750. The actuators 105 are part 
of the chassis 1 06 in this case, and the conductive cou- 
20 pling areas are in the first structural entity 71 0 compris- 
ing also the window 303, the light guide 302, the display 
element 301 and the engine module 701 of the device. 
[0043] In the data input mechanisms 700 and 750, 
where electronic circuitry, for example a printed circuit 
25 board or the engine module 701 , is part of a structural 
entity movable with respect to the chassis, then it is ad- 
vantageous to make the movable structural entity as rig- 
id as possible. Otherwise the reliability of flip chip solder 
joint, for example, can be reduced. It is thus reasonable 
30 to make the second structural entity 220 in mechanisms 
700 and the first structural entity 71 0 in mechanism 750 
so rigid that a force related to the normal use of the data 
input mechanism does not cause bending, which might 
break, for example, flip chip solder joints. 
35 [0044] Figure 7c illustrates a slightly modified data in- 
put mechanism 760 when compared to the mechanism 
700. Here the gap between the second structural entity 
220 and the first structural entity 1 06/21 0 is filled with a 
suitable elastic material 761, for example elastomer, 
40 that allows the second structural entity 220 to move 
slightly with respect to the first structural entity 210 and 
allows the domes to change their shape. The electro- 
mechanical data input mechanism 760 is waterproof, 
and additionally the elastic material between the chassis 
45 and the engine module may improve heat dissipation 
from the engine module. Compared to conventional 
structures, where a separate sealed push button as- 
sembly is usually needed to achieve a waterproof struc- 
ture, the data input mechanism 760 is simple, robust, 
50 easy to manufacture and cost effective. In addition, as 
a need for separate push buttons can be eliminated, the 
designer of a device has more freedom to shape a de- 
vice having an electromechanical data input mechanism 
760 or another data input mechanism according to the 
55 invention. 

[0045] The data input mechanism according to the 
third preferred embodiment of the invention can be ad- 
vantageously utilized in very small electrical devices, as 
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the chassis of the device forms a part of the data input 
mechanism. 

[0046] Figure 8 presents, as an example, a commu- 
nication device 800 called a watch phone according to 
the invention. The cross section of the communication 
device can be that presented, for example, in Figure 7c. 
The reference numbers 21 0 and 220 in Figure 8 are con- 
sistent with the cross section in Figure 7c. The operation 
options are displayed to the user using a circular display 
area 801. The circular display area 801 is the top part 
of a first or second structural entity of an electromechan- 
ical data input mechanism according to the invention, 
and the user activates the desired option by pressing 
the display area 801 . In Figure 8 presents, as an exam- 
ple, four domes 102 between the first and the second 
members of the electromechanical data input mecha- 
nism. As the diameter of the display of a watch phone 
is typically about 3 centimeters, it may not be feasible 
to have more than four domes in an electromechanical 
data input mechanism according to the invention in a 
watch phone. Of course, the shape of the watch phone 
can also be non-circular, such as rectangular, oval, el- 
liptic or freely formed. If the user presses the display 
area 801 with a pen-like or a needle-like instrument, it 
may be possible to have more domes in the electrome- 
chanical data input mechanism in the device. 
[0047] Figure 9 presents, again as an example, a 
communication device 900 called a pen phone accord- 
ing to the invention. The communication device 900 
comprises, as an example, two push buttons 1 04. In ad- 
dition, a data input mechanism according to the inven- 
tion is integrated with a display area 301 . The cross sec- 
tion of the data input mechanism can be, for example, 
similar to that presented in Figure 3 or in Figure 7. As 
the display 301 is typically elongated in a pen phone, it 
is usually most feasible to place the domes in its elec- 
tromechanical data input mechanism in a row. 
[0048] Figure 9 presents two domes, but it is also pos- 
sible to have, for example, a third dome in the middle of 
the display area if the operation of the data input mech- 
anism in the communication device 900 is based on the 
first or the second structural entity of the data input 
mechanism to bend locally. 

[0049] In this description and in the accompanying 
claims, the directions are meant to clarify the description 
and the relative position of the parts of the data input 
mechanism. The directional terms do not restrict the in- 
vention to relate to data input mechanisms at certain po- 
sition or direction. 



Claims 

1. An electromechanical data input mechanism (200, 
300, 700, 750, 760), which mechanism comprises 

a first structural entity (21 0, 71 0), 

a second structural entity (220, 720) arranged 



to move with respect to said first structural en- 
tity, 

as a part of said first structural entity, a first sur- 
face (211), 

5 - as a part of said second structural entity, a sec- 

ond surface (212) located adjacent to said first 
surface and separated therefrom by a gap, 
a conductive coupling area (107) on said first 
surface, 

10 - between said first and second surfaces and ad- 
jacent to said conductive coupling area a dome- 
like member (1 02) having a conductive surface 
adjacent to the conductive coupling area, and 
extending from the second surface, an actuator 

15 (105) located adjacent to the dome-like mem- 

ber, 

and which mechanism provides a pressing area for 
exerting a force pressing the first and second struc- 
20 tural entities towards each other, substantially with- 
in which pressing area the dome-like member is lo- 
cated, characterized in that 

within the pressing area, elastic properties of 
25 the second structural entity are substantially 

uniform, 

said first and second structural entities are with- 
in the pressing area kept apart from each other 
solely through the dome-like members, and 
30 - under the influence of a pressing force exerted 
on an area within the pressing area and press- 
ing said first and second structural entities to- 
wards each other, said first and second struc- 
tural entities are arranged to move, with respect 
35 to each other, so that the actuator moves to- 

wards the dome-like member. 

2. An electromechanical data input mechanism (202) 
according to claim 1 , characterized in that the first 

40 structural entity and the second structural entity are 
arranged to move with respect to each other as 
whole structural entities. 

3. An electromechanical data input mechanism (201) 
45 according to claim 1 , characterized in that the sec- 
ond structural entity is arranged to experience un- 
der the influence of the pressing force an elastic de- 
formation so said portion and said actuator move 
towards said dome-like member. 

50 

4. An electromechanical data input mechanism ac- 
cording to claim 1, characterized in that the first 
structural entity is arranged to experience under the 
influence of the pressing force an elastic deforma- 
ns tion so that said portion and said actuator move to- 
wards said dome-like member. 

5. An electromechanical data input mechanism ac- 
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cording to claim 1, characterized in that it further 
comprises 

a second conductive coupling area on said first 
surface, 5 
between said first and second surfaces and ad- 
jacent to said second conductive coupling area 
a second dome-like member (102b) having a 
second conductive surface adjacent to the sec- 
ond conductive coupling area, and 10 
extending from the second surface, a second 
actuator (1 05b) located adjacent to the second 
dome-like member, and in that 
under the influence of a force exerted on a first 
area (401a) within the pressing area, said first 15 
and second structural entities are arranged to 
move with respect to each other so that the ac- 
tuator moves towards the dome-like member 
(102a), and 

under the influence of a force exerted on a sec- 20 
ond area (401b) within the pressing area, said 
first and second structural entities are arranged 
to move with respect to each other so that the 
second actuator moves towards the second 
dome-like member (102b). 25 



6. An electromechanical data input mechanism ac- 
cording to claim 5, characterized in that under the 
influence of a force exerted on a third area (402a) 
within the pressing area, said first and second struc- 30 
tural entities are arranged to move with respect to 
each other so that the actuator moves towards the 
dome-like member (1 02a), and the second actuator 
moves towards the second dome-like member 
(102b). 35 

7. An electromechanical data input mechanism ac- 
cording to claim 5, characterized in that under the 
influence of a force exerted on a third area (403) 
within the pressing area, said first and second struc- 40 
tural entities are arranged to move with respect to 
each other so that all actuators constituting a part 

of the electromechanical data input mechanism 
move towards the dome-like members (1 02a, 1 02b, 
102c, 102d) constituting a part of the electrome- 45 
chanical data input mechanism. 

8. An electromechanical data input mechanism ac- 
cording to claim 7, characterized in that the third 
area is substantially in the middle of the pressing 50 
area. 

9. An electromechanical data input mechanism ac- 
cording to claim 7, characterized in that it further 
comprises electrical circuitry (500), which, when the 55 
conductive areas of all the dome-like member are 

in contact with the corresponding conductive cou- 
pling areas at the same time for a certain predefined 



time, is arranged to generate a first signal, when a 
device, of which the electromechanical data input 
mechanism constitutes a part of, is in a power off 
mode, and a second signal, when said device is in 
a power on mode. 

10. An electromechanical data input mechanism ac- 
cording to claim 1 , characterized in that the dome- 
like members are located substantially symmetri- 
cally near the perimeter of the pressing area. 

11. An electromechanical data input mechanism ac- 
cording to claim 10, characterized in that the 

pressing area is polygonal and the dome-like mem- 
bers are near the corners of the pressing area. 

12. An electromechanical data input mechanism ac- 
cording to claim 11, characterized in that the 
pressing area is rectangular and the dome-like 
members are near the corners of the pressing area. 

13. An electromechanical data input mechanism ac- 
cording to claim 10, characterized in that the 
pressing area is polygonal and the dome-like mem- 
bers are near middle points of the sides of the po- 
lygonal pressing area. 

14. An electromechanical data input mechanism ac- 
cording to claim 13, characterized in that the 
pressing area is rectangular. 

15. An electromechanical data input mechanism ac- 
cording to claim 10, characterized in that the 
pressing area is circular. 

16. An electromechanical data input mechanism ac- 
cording to claim 10, characterized in that the 

pressing area is oval. 

17. An electromechanical data input mechanism ac- 
cording to claim 10, characterized in that the 
pressing area is elliptical. 

18. An electromechanical data input mechanism (200, 
300, 700) according to claim 1 , characterized in 
that said second structural entity (301) is a plate 
having said actuator as an extension. 

19. An electromechanical data input mechanism ac- 
cording to claim 15, characterized in that at least 
a part of said plate is transparent. 

20. An electromechanical data input mechanism (300) 
according to claim 19, characterized in that it fur- 
ther comprises a third member (302, 303), which is 
a plate-like member between said first and second 
structural entities and which comprises a display el- 
ement (302), and in that the information being dis- 
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played with the display element is viewable through 
the transparent part of the plate. 

21. An electromechanical data input mechanism (700) 
according to claim 19, characterized in that 

said plate comprises a transparent layer (301 ) 

and a plate-like display element (302), said 

transparent layer being on the opposite side of 

the plate than the actuator, and in that 

the information being displayed with the display 

element is viewable through the transparent 

layer. 

22. An electromechanical data input mechanism (750) 
according to claim 1, characterized in that said 
first structural entity (710) is a plate. 

23. An electromechanical data input mechanism (750) 
according to claim 22, characterized in that said 
plate has a transparent layer (301 ) and a plate-like 
display element (302), said transparent layer being 
on the opposite side of the plate than the firs sur- 
face, and in that 

the information being displayed with the display 
element is viewable through the transparent 
layer. 

24. An electromechanical data input mechanism (760) 
according to claim 1 , characterized in that the gap 
is at least partly filled with an elastic material (761 ) 
allowing the first and second structural entities to 
move with respect to each other. 

25. An electromechanical data input mechanism ac- 
cording to claim 1, characterized in that the 

number of dome-like members between said first 
and second surfaces is one and one actuator ex- 
tend from the second surface. 

26. An electromechanical data input mechanism ac- 
cording to claim 1, characterized in that the 
number of dome-like members between said first 
and second surfaces is two and two actuators ex- 
tend from the second surface. 

27. An electromechanical data input mechanism ac- 
cording to claim 1, characterized in that the 
number of dome-like members between said first 
and second surfaces is three and three actuators 
extend from the second surface. 

28. An electromechanical data input mechanism ac- 
cording to claim 1, characterized in that the 
number of dome-like members between said first 
and second surfaces is four and four actuators ex- 
tend from the second surface. 



29. An electronic device comprising an electromechan- 
ical data input mechanism, which electromechani- 
cal data input mechanism comprises 

5 - a first structural entity (21 0, 71 0), 

a second structural entity (220, 720) arranged 
to move with respect to said first structural en- 
tity, 

as a part of said first structural entity, a first sur- 

10 face (211), 

as a part of said second structural entity, a sec- 
ond surface (212) located adjacent to said first 
surface and separated therefrom by a gap, 
a conductive coupling area (107) on said first 

15 surface, 

between said first and second surfaces and ad- 
jacent to said conductive coupling area a dome- 
like member (1 02) having a conductive surface 
adjacent to the conductive coupling area, and 

20 - extending from the second surface, an actuator 
(105) located adjacent to the dome-like mem- 
ber, 

and which mechanism provides a pressing area for 
25 exerting a force pressing the first and second struc- 
tural entities towards each other, substantially with- 
in which pressing area the dome-like member is lo- 
cated, characterized in that 

30 - within the pressing area, elastic properties of 
the second structural entity are substantially 
uniform, 

said first and second structural entities are with- 
in the pressing area kept apart from each other 
35 solely through the dome-like members, and 

under the influence of a pressing force exerted 
on an area within the pressing area and press- 
ing said first and second structural entities to- 
wards each other, said first and second struc- 
40 tural entities are arranged to move, with respect 

to each other, so that the actuator moves to- 
wards the dome-like member. 

30. An electronic device according to claim 29, charac- 
45 terized in that it is a portable device. 

31 . An electronic device according to claim 30, charac- 
terized in that it is a portable telecommunication 
device. 

50 

32. An electronic device (600, 610) according to claim 
31 , characterized in that it is a mobile phone. 

33. An electronic device (800) according to claim 31, 
55 characterized in that it a device having a shape of 

a watch. 

34. An electronic device (900) according to claim 31, 
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characterized in that it a device having a shape of 
a pen. 

35. An electrical device (800) according to claim 29, 
characterized in that the first structural entity (21 0) 5 
is a chassis (801 ) of the electrical device. 

36. An electrical device according to claim 29, charac- 
terized in that the second structural entity (220, 
720) is a chassis (801 ) of the electrical device. 10 

37. An electrical device according to claim 29, charac- 
terized in that it is a computer. 

38. An electrical device according to claim 37, charac- 15 
terized in that it is a portable computer. 
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(54) Tactile electromechanical data input mechanism 



(57) An electromechanical data input mechanism 
200, 700, 750 comprises a first structural entity 210, 
710, having a first surface 211 and a conductive cou- 
pling area 1 07 on said first surface, and a second struc- 
tural entity 220, 720 having a second surface 21 2 locat- 
ed adjacent to said first surface and separated there- 
from by a gap. It further comprises a dome-like member 
102 adjacent to said conductive coupling area, and ex- 
tending from the second surface, an actuator 105 adja- 



cent to the dome-like member. The mechanism is char- 
acterized in that within an pressing area elastic proper- 
ties of the second structural entity are substantially uni- 
form and said first and second structural entities are kept 
apart from each other solely through the dome-like 
members, and said first and second structural entities 
are arranged to move with respect to each other so that 
under the influence of a force pressing them towards 
each other, the actuator moves towards the dome-like 
member. 
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